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COMPLETE SPECIFICATION 

I majpiro voiDffiffia ts 5m ®s° relating to Master Alloys asad mmettlhiod ©f 

produa and being v aporiza hle at the tempera- 
ture of die molten metaL It is difficult to dis- 
pose of die mass of molten magnesium 
chloride or to avoid transfer of it with the 
molten metaL If globules of the chloride are 
allowed to remain in die alloy they can cause 
corrosion .in the cast or wrought products. 
Other zirconium hniiries have been proposed as ©6 
a source of zirconium but they are too costly 
or the recovery of the metal is too low to 
justify die expense. In addition, they can give 
rise to undesirable reaction products. 

The foregoing difficulties have now been 60 
overcome by a novel method of making a zir- 
conium rich body substantially free from 
chlorides, as defined herein, and using that 
composition as a source of ziroonium for addi- 
tion to magnesium and magnesium base alloys. 65 
Although the aforesaid body may **witntn some 
chlo ride as well as some oxide and die zir- 
conium occurs as separate particles mixed with 
but no; in solution m die magnesium it js con- 
venient, nevertheless, to refer to it as being a 70 
master alloy. The process consists essentially 
in reacting a relatively large mass of zirconium 
chloride with magnesium or magnesium base 
alloy, loweringthe temperature of the salt- 
metal mixture to at least partially solidify any 76 
molten metal* removing the magnesium 
chlo ride, reheating the metallic residue and 
removing any liquid alloy having a low zir- 
conium content 

The process of making the master alloy con- 
gists of first providing a body^f' *^ 
yji ^nTtnj ct "p^grtesiuio base alloy I 



We, Aluminum Company of America* a 
Corporation organised under die laws of die 
State of Pennsylvania, United States of 
America, of Gulf Building, Pittsburgh, Penn- 
6 sylvania, United States of America, do hereby 
declare die invention, for which we pray that 
a patent may be granted to us, and die method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
&0 ment: — 

This invention relates to die introduction 
of zirconium into magnesium and magnesium 
base alloys and has as its special object the 
provision of a method of making a zirconium- 
15 magnesium mixture that can serve as a source 
of giTc^fo ** 1 for a magnesium or magnesium 
alloy melt Another object is to provide a zir- 
conium-rich metallic body which will be sub- 
stantially free from chloride inclusions. By 
20 substantially chloride-free we mean that it con- 
tains less than 5% by weight of chloride, 

Magnesnnn base alloys containing less than 
1 % ziroonium by weight have attracted atten- 
tion because of their lavorable working char- 
2b acteristics and die improved properties at 
elevated temperatures wnich can be attained 
if a rare earth dement is also present. The 
production of die zirconium-containing mag- 
nesium alloys has been difficulty however, 
30 because of the low solubility of that element 
in magnesium and its low rate of solution 
therein. For example, it is almost impossible 
to alloy zirconium with magnesium simply by 
adding lumps of that metal to a magnesium 
55 melt and stirring die mixture, even though the 
melt is heated to a relatively high tempera- 
ture. As a consequence, other modes of intro- 
ducing die element have been employed in 
c omm er cial operations, die most common one 
40 involving die use of certain decomposable 
zirconium compounds. The chloride has been 



employed for that purpose because of hs low 
cost as c ompar ed to other rirconium halides 
and its rapid yet non-violent rea ction with 
46 molten magnesnnn. However, it suffers from 
die disad vantage of yielding a considerable 
quantity of magnesium chloride as a reaction 

{Price 3s. Od.) 
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tn g itjn that rrmriitjon as the salt additi n H 8 

^k^j^nHy tno^; tfigflggP EWrthe pUTOOSeOf 

convenient reference such a body of mag- 85 
nesium or magnesium base alloy may be 
referred to as magnesic metaL A relatively 
large mass of zirconium chloride is added to 
and admixed with the molten metal, the 
weight of the zirconium chloride usually being iK) 
equal to at least one-fourth the weight of the 
metal char ge. ft*fl"» zirconium chloride tends 
to vaporize at the temperature of molten mag- 
nesium it is generally advisable to mix it with 
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an inert salt which, in combination with the 
c h lo r i d e, will farm a low melting point mat* 
ture. The inert salt addition should also form 
a low melting point mixture with the mag>- 
Qne sann c hloride resulting from the reaction 
erf zirconium chloride and the magnesic metal 
Suitable inert salts axe the chlorides of sodium, 
potassium and barium Where such inert salts 
are employed it is advisable to observe the 
BU minimum proportion of zirconium chloride to 
me molten magnesium mentioned above in 
estimating the amount of salt mixture to be 
added to the molten metal charge, For best 
i* result8 10181 amount of zirconium chloride 
10 or mixture containing that salt to be added to 
a given melt should be introduced in incre- 
ments rather than as a single addition 

The temperature of the *w l tpn metal body 
shoul d be maintained at a high enough level to 
20 permit fusion, of the zirconium chloride-con- 
taining mixture as well as the chloride xeac* 
tion product In general, a temperature 
between 1350 and 1500° F. will answer the 
purpose' but it is preferred' to employ a tern- 
26 nerature within the range of 1400 to 1450° F. 

To obtain as complete a reaction, as possible 
• with the' magnesic metal the zirconium 
chloride should be well stirred into the metallic 
melt. The reaction occurs rather rapidly so 
30 that the stirring period need be of out rela- 
tively short duration, generally 2 to 10 
rv """ , ~* after each addition of the zirconium 



semi-solid The temperature may be as low as 
1000° F. but prelerably should be 1200 to 
1250° F. At these temperatures die salt mass 
remains molten. From the standpoint of prac- 
tical operation die cooling should be affected 70 
within the shortest tmw but the length of the 
cooling period is not of importance as far as 
solidification of the metal is concerned. Upon 
attaining the desired lower temperature the 
liquid salt is tapped or poured off leaving as 75 ' 
little fused salt as possible. Since the metal 
portion is at least partially frozen, it is not 
difficult to physic ally remove die fluid salt 
layer. While it is desirable to eliminate the 
chlorides as completely as possible jet a cer- 80 
tain amount can be tolerated providing pre- 
cautions are taken to remove them in the final 
product If the process of stirring and separa- 
tion is properly conducted the master alloy 
will contain less than 5% fey weight of 86 
entrapped chlorides. Such a small amount is 
easily eliminated in making the final zir- 
amium-contamine; alloy by following the usual 
f«iesmm melting practice of employing 

90 



chloride or mixtur e containing the same. The 
temperature of die metal-salt mass should be 
85 maintained within the above temperat ur e range 
during the period that the salt «ririfr«*pff are 
made and in the Mowing separation 
period. 

Following the final addition and stirring 
40 operation the fused mass should be allowed to 
remain quiescent to allow separation of die 
metallic and nan-metallic components into 
' £7=8 Branding to their respective densities. 

Such gravitational separation will ordinarily 
46 take place in a matter of mmn^ usually 2 
to 10 minutes being tmfRnmt Upon standing 
at least two layers will be formed, the lower- 
most and heaviest being principally a mixture 
of magnesic metal and finely divided rirconmm 
80 together with small amounts of chloride and 
oxide, while the top layer will consist of mag- 
nesium chloride and any salt which was intro- 
duced with the zirconium chloride, The liquid 
salt mass is generally of a thin freely pouring 
consistency, especially if the proporti ons of 
the salts are close to those of the entecric 
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_Jung and refining fluxes. Any tno g no ri mn 
oxide entrapped in the master alloy wfflalso be 
eliminflTrd with die chlorides. 

After removal of the salt, the mass remain- 
ing in die melting pot or other container 
should be reheated to a high enough tempera- 95 
ture to melt any magnesic metal which solidi- 
fied during the cooling step of die process. 
Reheating to a temperature of 1300 F. to 
1500° F. is generally sufficient A rather fluid 
alloy, usually containing less than about 1% iQO 
zirconium, accumulates on top of a heavy vis- 
cous mass, in most instances, which can be 
poured off and added to melts for making cast- 
ings. It is sometimes helpful to work the 
metallic mass to facilitate release of any 
entrapped salt or fluid alloy. The duck plastic 
mass remaining in the container crmgtitw^ fa 
master alloy to be employed for making addi- 
tions of zirconium to other mete. Beating 
the master alloy to a higher temperature wffl 1 in 
^ordinarily, increase its mridity to any 
significant extent However, it can he poured 
or scraped into suitable molds. The cast pro- 
duct can then be broken or cut into suitable 
size for addition to a *»Hf not 

The zirconium content of the master alloy 
may vary between 5 and 40% and is in finely 
divided form, the actual amount present in 
any case depending upon the Quantity of zir- 
conium chloride t employed, the temperature of 120 
the melt, Jhe effectiveness of die stirring and 

Other rnrfr i r c ^*naMn» _ — * • w . 



mere is often an intermediate magnc s m m base between 20 and 40% la mete-rei t«1mSl 
alley layer contains* less dun 1 * zir^ni™ tion to tte S .SoS.iarfSri^ 



alloy layer containing less than 1% ri repmnm 
SO that can be separated from the heavier master 

alloy at a later stage in the process. 
When the separation into layers has been 

substantially effected the temperature of the 

mass should be lowered to a point where the 
66 magnesic metal either solidifies or becomes 



. 1 — . , wmn ii buiuuuw ui uuD-meauuc 
impurities mentioned hereinabove, the master 12H 
alloy may contain alloying elements which 
have no adverse effect upon the deconmosiuon 
of the znxonium chloride or which render the 
jweomum insoluble or otherwise non-available 
ror subsequent alloying purposes. Zinc is often 180 
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used in zircomum-coDtaining alloys and hence 
it may be advantageous to include it in die 
initial metal body reacted with the zirconium 
chloride. Other alloying elements such as cat 
6 Gxum and beryllium may also be included, if 
desired Magnesium generally constitutes at 
least 50% of the alloy. 

To use die master alloy it is only necessary 
to add the desired amount in solid or fused 
10 form to a magnesic metal and stir die melt as 
is normally done in making alloy additions. 
Following the addition the customary refin- 
ing flux should be added to remove any oxide 
or chloride particles that may have been intro- 
16 duced by the master alloy. In this manner it is 
possible to obtain a high quality zirconium- 
con taming alloy which is free from contami- 
nation with chloride particles or even aside 
particles. 

80 The invention is illustrated in the example 
where a zirco nium chloride in salt mixture 
was employed consisting of 50% zirconium 
chloride, 25% sodium chloride and 25% 
potassium chloride. 112.5 pounds of the mix- 
25 ture were added to 65.1 pounds of a mag- 
nesram-5% zinc alloy melt heated in a melt- 
ing pot to a temperature between 1370 and 
1470° F. The metal salt mass was stirred for 
a period of 5 minutes. After standing for 4 to 5 
SO minutes the melting pot and crmtm** were 
withdrawn from the furnace and allowed to 
cool to 1200° F., whereupon the liquid salt 
layer was poured off. The pot was returned 
to the furnace, heated to 1350° F. and a 
86 liquid magnesiunvzirconium alloy c anfammg 
about 0.8% zirconium poured off. The vis- 
cous residue remaining m the bottom of 



2. A method according to daim 1, wherein 
said zirconium chloride is added to die body 
of molten magnesic metal in die proportion of 
at least one-fourth the weight of die mngnwric 
metai 70 

3. A method according to daim 1 or 2, 
wherein said gravitational separation of layers 
according to die relative densities of the 
metallic and non-metallic components is 
effected within a period of two to ten minutes. «° 

4. A method according to any one of the 
preceding claims, wherein said body of mag- 
nesic metal is heated to a temperature between 
1350 and 1500° F., and the zirconium chloride 

is then added thereto. ®0 

5. A method according to daim 4, wherein 
the zirconium chloride is added to die body 
of magnesic metal and said mixing is effected 
while maintaining the te mp erature within said 
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die 

pot was then transferred to notch bar molds 
where it was allowed to freeze. The alloy thus 
40 produced was estimated to have a zirconium 
content of about 23% as determined by die 

recovery obtained in making a 

alloy obtaining 0.69% zirconium, 
wh at we daim is:— 
45 1. A method of making a substantially 
chloride-free master alloy contntning mag- 
ne&imn and T ^r^oHtnwi j which co m poses add* 
ins a relatively large body of zirconium 
chloride to a body of molten magnesic metal 
60 while majntaming; said body in a molten con- 
dition, tnfging said chloride with said molten* 
metal, thereafter allowing die mixture to stand 
and to gravitationally separate into metallic 
and non-metallic layers w i tho u t substantial 
55 change in temperature with respect to that pre- 
vailing during the period of adding and mix- 
ing the zirconium chloride, lowering the tem- 
perature of the layered mass to a level where 
at least some of the molten metal solidifies but 
(JO die non-metallic layer remains molten, remov- 
ing substantially the entire non-metallic layer, 
reheating the remaining metallic pardon at 
least to a temperature at which the previously 
frozen m < sg ne * lg metal again melts and there- 
to after removing any liquid alloy. 



range of 1350 to 1500° 

6. A method according to any one of die 
preceding claims, wherem the liquid alloy 
withdrawn after reheating has a low zirconium 
content. 

7. A method according to any one of the 90 
preceding claims, wherein, subsequent to 
reheating, any liquid alloy of low zirconium 
content is allowed to accumulate on top of 
the zirconium-rich alloy and thereafter said 
liquid alloy is removed 

8. A method according to any one of die 
preceding claims, wherein, after die mhtture 
has been allowed to stand and separate into 
m etallic and non-metallic layers without sub- 
stantial change in temperature, die tempera- 100 
ture of die Layered mass is lowered to said 
levd where at least some metal freezes but not 
bdow 1000° F. 

9. A method according to any one of the 
preceding claims, wherem said reheating, is 106 
effective to raise the temperature of said 
remaining metallic portion to between 1300 
and 1506° F. 

10. A method according to any one of the 
preceding claims, wherein a mixture of zir- 110 
conium chloride and at least one inert salt 

is added to said body, the zirconium chloride 
preferably being added in a proportion equal 
to at least one-fourth the weight of the mag- 
nesic metal body. 

11. A method of treating magnesium or 
magnesium base alloys, which enmprfara add- 
ing thereto a master alloy prepared in accord- 
ance with the method of any one of the pre- 
ceding chums. 

12. Magnesium or a magnesium base alloy 
treated in accordance with the method of 
daim 11. 

13. A master alloy prepared in accordance 
with the method of any one of claims 1 to 135 
10. 

14. A master alloy according to churn 13 
oontatnhuj magnesium and from 5 to 40% zir- 
conium in finely divided condition and sub- 
stantially free from chloride jndnsfans. ISO 
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15. A master alloy according to claim 14 STEVENS, LANGNER, PARRY & 
containing not less than 20% of finely divided ROLLINSON, 
zromium. Chartered Patent Agents, 

16. A master alloy according claim 14 ox 15 Agents Cor the Applicants, 
containing at least $0% mfignfyrnim Reference has been directed in pursuance of 



Section 9, subsection (1), of the Patents Act, 
1949, to Patent No. 657,777 
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